From the seeds of Alisma orientale, cis-aconitic anhydride ethyl ester and cis-2,4,5-trihydroxycinnamic acid were isolated, together with nine known phenolic compounds and a megastigmane sesquiterpene. All compounds are reported for the first time from Alisma species.
Alisma orientale (Sam.) Juzep. (Alismataceae) is mainly found in China, but also in Japan, Mongolia, Russia and north India. The dried rhizome of this plant is a common traditional Chinese medicine known as Alismatis Rhizoma or Zexie, which is used to remove dampness and promote water metabolism in the body, according to Chinese medicinal principles. The plant drug has been used as a diuretic, hypolipidemic, and anti-diabetic agent [1] . Previous phytochemical studies reported the presence of protostane triterpenes, as well as guaiane sesquiterpenes and kaurane diterpenes [1, 2] . Only one publication has reported on the phenolic constituents of Alisma species, describing the isolation of amentoflavone, 2,2',4-trihydroxychalcone, and robustaflavone from the rhizomes of A. orientale [3] . While all previous phytochemical studies have focused on the rhizomes and aerial parts of this plant, we now report the chemical composition of the seeds. Twelve compounds were isolated and identified from the ethyl acetatesoluble fraction, including two new natural products, cis-aconitic anhydride ethyl ester, and cis-2,4,5-trihydroxycinnamic acid, along with nine known phenolic compounds and a megastigmane sesquiterpene. All compounds are reported from Alisma species for the first time.
cis-Aconitic anhydride ethyl ester (1) was isolated as white powder. The high-resolution ESI MS displayed a quasi-molecular peak at m/z 225.037120 (calcd. 225.0370) and establishing a molecular formula of C 8 H 8 O 5 , indicative of five degrees of unsaturation in the molecule. The IR spectrum displayed high similarity to that of cis-aconitic anhydride [4] . Table 1 and Figure 2 ), the structure of 1 was deduced as 2,5-dihydro-2,5-dioxo-3-furanacetic acid ethyl ester (cis-aconitic anhydride ethyl ester), shown in Figure 1 . A 1 H-1 H COSY correlation was observed between H-1' and H-2' revealing their vicinal positions. The HMBC cross peak between H-1' and C-7 indicated the connectivity of the ethyl group to the carboxyl group at C-7. The remaining 13 C-13 C connections in the molecule were deduced based on the following HMBC correlations: between H-6 and C-2, C-3, C-4, and C-7, between H-4 and C-2, and C-5. The anhydrous character of 1, resulting in cyclization between C-2 and C-5 via an oxygen atom, was elucidated based on HRMS data, the degree of unsaturation, and the similarities of its IR spectrum to that of cis-aconitic anhydride. A comparison of 13 . The structure of 5 was elucidated to be cis-2,4,5-trihydroxycinnamic acid (Figure 1) . The vicinal positions of the two olefinic protons were confirmed by a 1 H-1 H gCOSY correlation, and the coupling constant of 9.6 Hz suggested a cis-configuration. The proton with the chemical shift of δ H 7.78 could be assigned to H-7 based on its HMBC correlations to two aromatic carbons at δ c 150.7 and 113.2. The aromatic proton (δ H 6.94, s) attached to the carbon at δ c 113.2 was, therefore, assigned as H-6, and the other observed aromatic proton (δ H 6.75, s) was attached to C-3. All NMR data were assigned based on correlations observed in the 1 H-1 H gCOSY, gHSQC and gHMBC spectra ( Table 1 and Figure 2 ). The compound has been reported as an oxidative derivative of caffeic acid [6] .
In addition, a megastigmane sesquiterpene, 4'-dihydrophaseic acid (2) [7] , was identified together with nine phenolic compounds: 4-hydroxybenzoic acid (3) [8] , trans-4-hydroxycinnamic acid (4) [9] , vanillic acid (4-hydroxy-3-methoxybenzoic acid) (6) [10], 3,4dihydroxybenzoic acid (7) [11], 2,3,4-trihydroxy-5-methoxybenzoic acid (8) [12] , trans-2,3-dihydroxycinnamic acid (9) [13] , isoorientin (3',4',5,7-tetrahydroxyflavone 6-C-β-D-glucopyranoside, 10) [14] , quercetin-3-O-β-D-glucopyranoside (11) [15] , and di-E-caffeoylmeso-tartaric acid monomethyl ester (12) [16] [17] [18] [19] . Their structures were identified based on comparison with previously reported NMR data, and where necessary, the structural assignments were confirmed by supplementary 2D NMR experiments.
Experimental
General: Optical rotations at the wavelength of the sodium D line were measured in MeOH at room temperature using a JASCO P-1020 digital polarimeter and a quartz cell with a path length of 3 mm. The IR spectra were recorded on a JASCO FT/IR-480 Plus spectrometer in KBr pellets. The nuclear magnetic resonance (NMR) spectra were obtained on a Bruker Avance FT-NMR spectrometer (600 MHz, PABBO BB probe) using TMS as the internal standard and the temperature was maintained at 300 K. ESI-MS and HRESI-MS were measured on a ThermoFinnigan MAT 95 XL Mass Spectrometer. Open column chromatography was carried out on columns packed with Diaion HP-20, Diaion HP-20ss, MCI CPH 20, or Sephadex LH-20; and TLC analyses were carried out using silica gel 60 F 254 or RP-18 F 254 plates. For HPLC purification, a C 18 semi-preparative HPLC column (Alltima C 18 column, 250 × 10 mm, 5 μm) and an Agilent HPLC HP 1100 system were used, and the detection wavelengths were set at UV 210nm and UV 230nm . 
Extraction and isolation:
Dried seeds of Alisma orientale (10 kg) were extracted with 80% aqueous EtOH by reflux. Excessive solvent was evaporated under reduced pressure, the residue was resuspended in water, and successively partitioned with light petroleum, ethyl acetate, and 1-butanol.
The ethyl acetate-soluble fraction was applied to a Diaion HP-20 column and successively eluted with 30%, 60%, and 80% aqueous MeOH, and finally, with 100% MeOH. The 30% MeOH eluate was subsequently separated into 6 sub-fractions (Fractions A-F) on Sephadex LH-20 using MeOH as solvent.
Fractions B and C were combined and applied to a MCI CPH20 column eluted with 0.1% aqueous TFA and ACN (5% ACN→50% ACN) to obtain 20 sub-fractions. Sub-fraction 12 was further purified using semi-preparative HPLC (0.1% aqueous TFA and ACN as mobile phase, 15% ACN→25% ACN in 15 min, 3mL/min) to yield 1 (25 mg). Sub-fractions 15-17 were combined and purified by Sephadex LH-20 chromatography (eluted with MeOH) followed by semi-preparative HPLC (eluted with isocratic 0.1% aqueous TFA-ACN, 75:25; 3mL/min) to yield 2 (9 mg).
Fraction D was separated into 25 sub-fractions using an MCI CPH20 column eluted with a gradient of aqueous MeOH (5% MeOH→50% MeOH). Sub-fractions 9-11 were combined and applied to a Sephadex LH-20 column (eluted with MeOH), followed by semi-preparative HPLC (eluted with isocratic 0.1% aqueous TFA-ACN, 80:20; 3mL/min) to obtain 3 (5 mg 
